dipole minioite Ut of Venliv is e stimlcteCd to tlhat of Ea-tli.
The first attemiipt to observe a disturbance in the interplanetary medium caused by the planet Venus was made with Mariner II on 14 December 1962.
No effect was observed (1) . partly because the spacecraft passed on the sunward side of the planet and came n) closer than 40.000 km or 6.6 Venus radii (r-). Thus, it was shown that an upper limit to the magnetic dipole moment of Venus is approximately 20 times less than that of Earth.
The trajectory of Mariner V was more favorable for this type of observation because the spacecraft approached to within 0.4 r,-of the optical shadow of the planet and to within 0.7 ry of the surface. The data from the magnetometer and plasml-a probe show unmistakable evidence for the existence of a bow shock around Venus similar to, but much smaller than, that near Earth, as well as additional structure inside the shock.
The low-field vector helium magnetometer was first flown on Mariner IV (2) . The instrument has an intrinsic noise level of 0.1 gamma (RMS) and a digitization uncertainty of 0.2 gamma (1 gamma equals gauss). Five triaxial field samples were obtained every 50.4 seconds.
The magnetometer sensor was located about 2 m from the main body of the spacecraft. To Fig. 1 The plasma and magnetic-field data near Venus are shown in Fig. 2 . The two uppermost curves, the positive ion num-ber density (n) and the bulk velocity (V), are plasma parameters computed from the observed energy spe tra. The middle trace is the ambiej field magnitude (lBI) computed fro the three measured components afti subtracting the spacecraft field. TI two bottom curves give the field dire tion in spherical coordinates. The ang a is the longitude or azimuth measuri in the RT plane, where R is a ur vector in the antisolar direction and is an orthogonal vector which is parall to Sun's equatorial plane and poin in the direction of the planet's orbit motion. For most purposes, the R The influence of Venus on the solar wind flow first' became apparent at point 1 of the figure. The magnetic field strength increased abruptly from 8 to 15 gamma, and the fluctuations increased markedly, although the average direction remained nearly along the Venus-Sun line. The plasfna velocity dropped slightly (-10 percent), and the density increased markedly (-40 percent). Such changes are commonly seen across a shock; together with the subsequent observations, they make the identification of point 1 as a bow shock almost inescapable.
For a few minutes just before 1 and again just after 5 (which we shall identify below as a shock crossing), the field had a characteristic direction and strength. It would be possible to identify these regions as part of the shock structure and to ascribe a previous occurrence at -180 minutes to a motion of the shock front of the kind often seen near Earth. However, in the absence of a corresponding magnitude MARINER V change, we reject this identification and treat the field at these times as interplanetary in origin.
During the hour after event 1, the plasma velocity and density dropped slightly, and there was a marked broadening of the velocity distribution. The field characteristics were unchanged except for one abrupt decrease in magnitude and in the amplitude of the fluctuations. Because similar changes are often observed in Earth's magnetosheath (Fig. 1) The most natural interpretation of these results is that the electrically conducting ionosphere of Venus cannot be penetrated quickly by the solar-wind field and that most of the plasma is therefore prevented from reaching the atmosphere. Thus, a standing shock is formed ahead of the planet. The compressed solar plasma behind the shock flows around the sides of the planet, becomes supersonic, and tends to leave a cavity behind the planet. The magnetic and gas-kinetic pressures should produce an expansion into the partially empty cavity; the edge of the expansion wave may approximate a cone running through point 2, near point 4, and about 500 km above the surface of the planet. Within 450 of the subsolar point, the interface between the atmosphere and the solar wind (the anemopause) (6) appears to be at about 1672 this level, where the Stanford group (7) observed an abrupt decrease in the ion density from 104 cm-3 to an interplanetary value. This interpretation is compatible with the following argument based on the conservation of interplanetary magnetic flux. The total flux contributed by the weak field inside a cone through points 2 and 4 and the strong field crossing the cone connecting points 1 and 2 is roughly equal to the flux of undisturbed interplanetary field that would occupy this area if Venus were absent. If the edge of an expansion wave is typically much less sharp than feature 2, a possible explanation would be that, as near Earth, all boundaries move rapidly from time to time, and that event 2 is a rapid shift of the expansion region across the position of the spacecraft.
At point 3, the total plasma flux was reduced to -107 cm-2 sec-1 (about a factor of 20 below the interplanetary value) and, primarily because of the low density, the Alfven velocity rose to several hundred kilometers per second. Thus, the plasma had little inertia, and the field should have adjusted rapidly to a vacuum configuration. The field direction, nearly radially outward from Sun, and the slight increase in magnitude near point 3, which could compensate for the decreased plasma pressure, are consistent with this model. However, the very low plasma density near 3 and the accompanying increase in IBI cannot both be explained as due to an expansion wave. Perhaps the plasma flow along these tubes of flux, which must pass very close to the planet, was partially obstructed by an interaction with the atmosphere. Any comments on whether the unobserved region in the shadow of Venus was occupied by interplanetary field that passed through the planet, by magnetosheath field carried in by the expansion wave, or by an intrinsic planetary field would be pure speculation at this preliminary stage in the analysis of the data.
Conditions in the region between events 4 and 5 were comparable to those observed in the magnetosheath of Earth at about the same local time.
The high values of IBI may have been caused by the compression of the plasma as it passed through the shock or, in part, by the very irregular structure of the magnetic field generated at the shock. No feature characteristic of a magnetopause was present. Because of the abrupt decrease in the magnetic fluctuations and the return of the plasma velocity to its interplanetary value, we identify event 5 as the bow shock. The puzzling absence of any sudden change in the average value of IB! or in the plasma density (such as there was at point 1) illustrates the incompleteness of our present experimental and theoretical knowledge of the structure of collisionless hydromagnetic shocks.
Most of the features in the data appear to fit a schematic model (Fig. 5 ) in which the solar wind is deflected, but not absorbed, by the ionosphere and upper atmosphere of Venus. According to L. Lees (8) , the major deficiency of this model is that a laboratory gas-dynamic shock with appropriate scaling would be expected to pass more nearly through point 2 than through point 1. A combination of several factors might explain this. (i) The normal aberration due to the motion of Venus and the observed average azimuthal velocity of the solar wind could rotate the axis through about 5°toward point 1. (ii) The solar wind direction is known to fluctuate-at times, as much as 50 from its average position (9 Magnetometer experimenter.
11 December 1967 tons associated with the planet, in to the minimum radial distance of approach of 10,150 km (1). These results are consistent with earlier ones from the 41,000-km approach of Mariner II to Venus in 1962 (2) 
